Some considerations of the influence of body cross-sectional shape on the lifting efficiency of wing-body combinations at supersonic speeds by Klunker, E B & Harder, Keith C
copy228
RM L56H3
,
RESEARCHMEMoR~N-Ej”u”~-
SOMECONSIDERATIONSOFTHEINFLUENCEOFBODY
CROSS-SECTIONALSHAPEONTHEL13?TlNGEFFICIIiNCYOF
WING-BODYCOMBINATIONSAT SUPERSONICSPEEDS
ByE. B. KlunkerandKeithC. H&rder
LangleyAeronauticalLaboratory
LangleyField,Va.
NATiONAL ADVISORY COMMITTEE
FOR AERONAUTICS
WASHINGTON
October19,1956
https://ntrs.nasa.gov/search.jsp?R=19930089466 2020-06-17T05:53:32+00:00Z
TECHLIBRARYKAFB,NM
NACARMLXE30
l NATIONAL
.
ADVISORYCCMMITTEEFORAERONAUTICS
RESEARCHMEMORANDUM
I!lllllllllllllllll[llllllll=
oL442a3
SOMECONSIDERATIONSOFTHEINFLUENCEOFEODY
CROSS-SECTIONALSHAPEONTHELII!TINGEFFICIENCYOF
WING-BODYCOMBINATIONSAT SUPERSONICSPEEDS
By E.B.KlunkersndKeithC.Harder
sum.ARY
Linearizedtheoryisusedto estimate
beneficialeffectsthatcsmbe obtainedby
theorderofmagnitudeofthe
shapingthebodyof a wing-
bodyconfigurationto generateliftindirectlyat supersonicspeeds.The
snalysisappliesto a classofwing-bodyconfigurationswhichisbelieved
to exhibitheessentialfeaturesofthistypeof interference;thebody
is cylindricalupstreamof a wingwhichhassupersonicedgesandthepsrts
. ofthebodyabovesndbelowthewingareeachsemicircularmd ofdifferent
radii.Calculationsme presentedfora Machnumberof ~ fora partic-
ularfsmilyofbodiessnda sonic-ewedeltawing.
.
INTRODUCTION
At supersonicspeeds,liftcanbe generatedby locatinga wingin
theinterferencefieldofanothercomponentsothatexpsnsionwavesoccur
overtheuppersurfaceofthewingsndcompressionwavesoverthelower
surface.Recentinvestigationshaveshownthatinsomecasesefficient’
liftingsystemscanbe obtainedby utilizingthisinterference.For
exsmple,inreference1,Rossowconsideredtheinterferenceeffects
betweena wingandplanarelem&ntswhichsimulatea bodyor represent ““
vanesatthewingtips.Severalcombinationsweredeterminedwhich,
accordingto linesrtheoryygenerateliftmoreefficientlythanthe wing
alone.However,aspointedoutbyRossow,thefrictiondragofthefins
maycompletely’offsetthegainachieved.
Asidefroma wing-conesystemsnalyzedbyRossowanda verylimited
s.mountofexperimentalworkconcernedwithsomeeffectsofbodjcross-
* sectionalshape,thestudiesdealingwiththegenerationof indirectlift
havebeenconcernedprinxxrilywiththepressuxefieldsand.forc!es,devel-
opedby interferingplsnarelements.Althoughtheresultsof suchstudies
. aresuggestiveoftheinterferenceeffectsbetweenwingandbodies,they
donotapplydirectlytowing-bodycombinationswhereinthebodyencloses
2a certainvolumeand
entinvestigationis
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supportspartofthelift.Thepurposeofthepres-
toobtainsomeideaofthemagnitudeofthebeneficial .
effectsthatcanbe obtainedby shapingthebodyofa–wing-b@iycoml?igura-
tiontogenerateliftindirectly.Accordingly,a configurationwasselec-
tedforstudywhichisbelievedto exhibitheessentialfeaturesofthis
typeof interferencesndalsoyieldsto a relativelysimpleanalysis.
Thisconfigurationiscomposedofawingwithsupersonicedgesanda body
whichiscylindricalupstreemofthewing,thepartsofthebodyabove
andbelowthewingeachbeingsemicircul=andof differentradii.
culationsarepresentedfora Machnumberof ~ fora particular
ofbodyshapesanda sonic-edged ltawing.. —
SYMBOLS
A(x) areadistributioni upperhalf-space ‘-
AA(x) Y&=A(x)- ~
b
B
c
%
CD
D
f(x)
!QJx)
hn(x)
L
M
P
q
nondimensionalwingspan
constant
nondimensionalwingchord
liftcoefficientbasedon
drag--coefficientbasedon
drag
bodysourcestrength
Cal-
family
,
—.
x-
“
-.
totalwingarea
totalwingarea
functiondefinedin
multipolestrength
equation(6)
lift
free-stream
pressure
free-stresm
Machnumber
dynsmicpressure
—
-..
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‘b
r nondimensionalradiusin cyliritricaloordinates
3
l m radiusof cylinder
rb nondimensionalbodyradius
u free-stresmvelocity
w~ tabulatedfunction
x,y,z nontiensionslCsrtesiancoordinatesystem
~ angleof attack
F
velocitypotential
disturbancev locitypotential
azimuth@e in cylindricalcoordinates
Subscripts:
.
b refers
i refers
w refers
w refers
Superscripts:
b refers
w refers
to
to
to
to
to
to
bodypotential
interferencepotential
wingpotential
free-streamconditions
body
wing
ANALYSIS
At supersonicspeedsa liftingforceona wing-bodyconfiguration
*
canbedev=lopedby~ontractingt= bodyabovethewingandexpanding
itbelowthewing. A configurationofthistypewhichhasthemeritof
s simplicityof snalysisconsistsof a flat-platewingwithsupersonic
4
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edgesanda bodywhich(1)is cylindricalupstresmofithewingandIs
at zeroincidence,(2)is composedof semicircularpartsofclifferent
radiiaboveandbelowthewing,and(3) doesnotextendownstreamof
itsintersectionwiththewingtrailingedge.Thesimplicityofthe
analysisfollowsinpat fromthefactthattheflowfieldsIntheupper
andlowerhalf-spacescanbetreatedindependently.Theflowineach
half-spacecsmbe representedby sourcedistributionsforthewingalone
andbodyalone,together.withan interferencepotential.Withthebody
sourcedistributionfor”onehalf-spacethesaneasthatfortheother
exceptfora changeinsign,thebodyareaatanystationiseqyalto
themea ofthecylinder,andthepressurecoefficientsat corresponding
pointsaboveandbelowthewingarenumericallyequalbutoppositeIn
sign.Thus,theliftordragforthep=t oftheco~igurationineither
half-spaceisone-halfthetotal.
Thetypeof configurationcon-
sideredhereinisshowninsketcha.
Theunitoflengthisthecylinder
radius~; thequtities x, y, z,
r=l==the-chord C,md
thespan b arenondimensional;nd
thewhg isatemangleofattacka.
Sincetheanalysisis similartothat
forotherwing-bodyproblemstreated
extensivelyintheM.terature,only
a briefoutlineoftheformulationis
presentedhereandthedetailsofthe
calculationsarerelegatedto the
appendix.Theproblemisformulated
fortheupperha~-space.
ThevelocitypotentialO is
HIl?++
Sketcha
takenas
wherethedisturbancepotentialssatisfy thelinearized&ifferential
equationforthevelocitypotential,& and #b arethepOIHTkd.&LS
forthewingaloneandbodyalone,respectively,and .@i isan inter-
ferencepotentialreqtiredto satisfytheconditionof zeronormalveloc-
ity atthesurfaceofthewing-bodycombination.Therequirementof zero
30 Anormalvelocityonthewingis — = -a~.
az ax
Withthedefinitionsofthe
E
v
n
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disturbancepotentid.stogetherwiththefactthat ~@b/bZ is identically
zerofor z = O fora circularbody,thisboundsryconditionis approxi-
mated.by
Ww-awio
—= —=
az az
(z= o) (2)
wdw~Therequirementof zeronormalvelocityonthebodyis ——
ax dx
atr= rbjwhere rb isthenondimensionalbodyradius.Withthe
restrictionthatthebodydoesnotdepartsubstantiallyfromthecyl.inder~
thisboundaryconditionisapproximatedby
(r = 1) (3)
ar dx ~r ~r
.
Thebodypotentislisrepresentedby a distributionf
thebodyaxis,andinthelinearapproximationthepressure
. thebodyis
sourcesalong
~ dueto -
Pb-Pm=& - I
Yc
‘x ‘r *
(4)
q
wheretheprimedenotesthederivativewithrespectotheindicated
mgument, 13=[_,mdM isthestresmMachnumber.Thesource
strengthf(~) isrelatedtothebodygeometryby thefirstof eqm-
tions(3). Anequivalentstatementofthisboundaryconditionforquasi-
cylindricalf owsrelatesthebodysreaintheupperhalf-spaceA(x) to
thesourcestrengthby
I@
A(x)- ~- %2 ‘-pAA(x)= y
J o “(’x=-d’ “)
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where LA(x) isthechangeinareaintheupperha~-space.Sincethe.
bodysourcestrengthfortheflowsintheupperandlowerhalf-spaces
differonlyinsign,AA(x) foreachhalf-spaceisthesameexceptfor
a changeinsign,endthetotalbodyareaatmy stationis equalto the
areaofthecylinderfiRo2.
Theinterferencepotentialisreqyired*Q csncelthe flowthrouah
thebodyduetothewingpotentialend
ofmultiplesalongthebodyaxisas
where %(~) iS the multlpde
-–
isrepresentedby a distribution
(coshn cosh-l~) dg
i===
strengthand Elistheazimuthangle “
definedinsketcha. Thebounderyconditionon #i asgiven.by equa-
ajifwtion(3) issatisfiedineachhalf-spaceby expanding— ina Fourier
&
series ndeqwtingthecoefficientsofeachharmonictothecorresponding
Wi -
coefficientof —. Becauseofthesymmetrypropertiesof thewing,only
~r
the cos2ne termsappeer,andfromequation(3)
a$w a$i
-—= —=a~ga(.)cOsae (r= 1)
& &
(6)
n=o
wheretheFouriercoefficientsaregivenby
“W7J 1.Q+Jx) =“: — cos ae deo ?k ~1
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Theinterferencepotentialwith @i a cos2ne satisfiestheboundary
conditionasgivenby eqyation(2)for #i identically.Themultipole
strengthscanbe determinedfromequation(6) byreplacing@i bythe
expressionfora distributionfmultiples.However,thisstepisnot
necessarysinceonlythepressureisrequiredandNielsen(ref.2)has
shownthattheinterferencepressurefora quasi-cylindricalbodycanbe
relatedirectlytothefunctionsg~(x) anda tabulatedfunction
W*(x,r). Thisexpressionfortheinterferencepresswe pi iS
wisedisturbancev locityofthewing
Theliftsnddrag”aredetermined
sures.Thetotallift L is
alone.
by integrating
%2-=02
thesurfacepres-
)
P:+ P; Sti e dQ
(8)
wherethesuperscriptonthepressurereferstothesurfacewherethe
pressureacts,w denotingthewingand b thebody. Thesuperscriptw
(or b) on a forcereferstotheforceobtainedby integratingoverthe
wing(orbody).Similarlythetotaldrag D is
,
8D _aLw
f—+~ c f
n
LA’(x)dx
%2%2’P o
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(
P:+ P:+Pi
)
b de
(9)
—
wherethefirsttermisthedragofthewingpanelsandthesecondterm
isthebodydrag.
DISCUSS1ON
—
Themethodpresentedin
evaluatingtheliftanddrag
configurateens. Fora given
-.
theprecedingsectionaffordsa meansfor
characteristicsof a classofwing-body
wingplanform,theforcescanbedetermined
mosteasilyby specifyingthebodysourcedistributionratherthanthe
bodygeometry.Calculationshavebeenmadefora Machntiberof @’ for
a deltawingwithsonicleadingedgesanda linearbodysourcedistribu- “
tion.Thisconfigurationwasselectedprimarilyto simplifythecalcula-
tions.However,it isbelievedthattheresultsare-generallyindicative
oftheeffectof a bodycross-sectionalshapeontheliftingefficiencyof w
a wing-bodyconfigurationat supersonicspeeds.
.—
Thebodyareadistributionisdeterminedfromequation(5) forthe
bodysourcedistributiongivenby f(x)= -Bx.whereB -isa positive _ “--
constant.Thebodyshape-ish&n ~
sketchb fortheratherlargevalueof
B= 0.35. Thecontributionstothe
liftanddragfromthedisturbances.
arisingfromthewdngandbodycanbe
integrateddirectlyandaregiven in
theappendix,whereasthecontribution
to theforcesfromtheinterference
pressuremustbe determinednumerically.
Theinterferencepressuredependsonly
uponthegeometricpropertiesofthe
wingthroughtheFouriercoefficients
g~(x)“ Thesefunctionshavebeen
evaluatedfor n = O’and1 inrefer-
—.
—
iowhalfapace
—- —- —-
—
Sk~tchb ._.
.
ence2 andonlythefirsttwotermsoftheinterferencepressurehave
beenusedinthecalculations,Althoughthislimitations$fectsthe
accuracyofthecalculations,Nielsenindicatesthatthemajoreffect s
is containedinthefirsttwoterms.
~
NACARML56H30
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Theliftend&ragcoefficients,basedon
asthesums
s
9
wingsxea,canbewritten
CD= ( )CX~,: + CL$+CL,:+
wherethesubscriptsdenotetheorigtiofthepressuredisturbanceand
thesuperscripts‘&notethesurface-uponwhich-thepressuresact. The
liftcoefficientswiththesubscriptsw and i areproportional
to a sndthosetithsubscriptb me proportionalto B, while CD,:
h CD,?me proportfo~lto % @ CD,:isproportionalto B2.
Consequently,theratio CD/~2,whichis indicativeofthelifting
efficiencyoftheconfiguration,3.sa functiononlyof B/a and C.
Thevaluesof B/a whichcorrespondtotheminimumvaluesof CD/CL2
.
me denotedby (B/~)Qt =d areshowninfigure1 asa functionof c.
Ihfigure2,values of CD/CL2arepresentedfortheconfigurationwith
.
(B/~)opt togetherwiththoseforthewingalone,thewing-cylinder
(B= O),andtheindentedcylinderwithwingat zeroangleof attack
(a= o). Thecurveforthewingwiththeoptimumindentedcylinderis
thelocusofpointsforbodyshapeswhichgiveriseto theleastvalues
/of CD%2; thusthebodyshapevariestithangleof attackand c in
accordancewithfigure1. Thecurveforthewingalone,whichexhibits
thehighestliftingefficiency,ispresentedprimsxilyforthepurpose
oforientation- themostmeaningfulcomparisonssrethosebetweenthe
configurationswhichhavea body.
Comparisonofthecurvesforthewing-cy13nder(B= O) andthe
indentedcylinderwithwingat a= O showsthatforlargewings(that
is,lsrgevaluesof c)liftisgeneratedmoreefficientlyb thewing-
cyldnder,whereasforsmallwhgs liftisgeneratedmoreefficientlyb
shapingthebody.Limitingcalculationsforlszgevaluesof c show
thatthelifttiefficiencyofthewing-cylinderapproachesthatofthe
wingalone,whilefortheindentedcylinderCD/CL2approachesinfinity
.
as c approachesinfinity.Theliftingefficiencythatcanbe obtained
by generatingliftbothdirectlysndindirectlyrepresentsa sizable
4 gainovertheefficiencyobtainedwitheithermethodindividual. The
decreaseof (B/a)optwithincreasingc reflectsthefactthat,for
10
theoptbnmcondition,proportionatelymore
thesystemwhichitsefi-is
/Thequsm.titiesC&a
andtheconfigurationwith
tionsof c. Thevalueof
NACARML56&0
oftheliftisdevelopedby
mostefficient.
and CD/12 forthewing,thewing-cylinder,
(B/a)opt arepresentedinfigure3 as func-
OL/a fortheconfigurationwith (B/u)opt
is substantiallygreaterthanfor’thewing-cylindersndisnear
7
equal
to thatofthewingalonefor c equalto5. ThequantityQ a2 for
theconfigurationwith (B/a)optisapproximatelyequalto thatforthe
—
wingalone for c = 2,endbeco~sa~roximately10percenthigherat
thelargervaluesof c. Thevalueof CD/a2 forthewing-cylinderis
substantiallylowersticethecylindricalbodydoesnotcontributeo
thedrag.Thedifferencesbetweenthecurvesoffigure3 forthecon-
figurationwith (B/a)optad theWing-cyllnderrepresentsthecontri-
butiontotheforcesdueto shapingtheboc3y.
ThecontributionstothelJftanddragcoefficientsaregivenin
figures4 end5 fortheoptimumconfiguration.Thecontributionstothe
lifts.ndragfromtheinterferencepressurepruducesa downloadsnd
thrust. It isof interestonotethat,fortheoptimumcondition,the l
theoptinnmcondition,theterms ~,~ end CD,: nearlycancelwhile
CD,:and CD,? together
pendentof c. Theterms
increadngc,reflecting
decreasesastheratioof
Theeffectivenessof
contributea smallvaluewhichisnearlyinde-
thefactthatfortheoptimumconditionB/a
wingspanto cylinderadiusincreases.
using~ect liftto increasethelifth.g
efficiencyofwing-bodycomhi&ionsisdependentto a-largextent&
thebodyconfiguration.Althoughonlytheportionofthebodyinthe
neighborhoodfthewingcontributesto theindirectlift,theshape
aheadofthewingaffectsthebodydragandconsequentlytheoptimum
ratioofdirecto ddirectlift.Nevertheless,theex~plepresented
servesto illustrateheeffectofbodycross-sectionalshapeonthe
liftingefficiency.Thefsml.lyofbodyshapesusedintheexsmplewas
selectedforsimplicityof smd.ysis.
.
It seemsclew,however,thatother
sxeadistributionswouldbe superiorfordevelopingindirectlift.For
example,thebodyshapeintheneighborhoodfthewing(foreachhalf- h
space)correspondingtoa squsme-roottypeof soticedistribution,a type
NACAB&lL56H30 11
l
whicharisesinvariousminimum-dragproblemsforbodies,wouldprobably
leadto a liftingsystem.morefficientthanthatoftheexamplesince
. itwouldbe favorableto boththebodydragandthewinglift.
Theeffectiwnessofdevelopinglfltbyutilizingthepressurefield
fromthebodyisdependentuponthewingplanfomnanduponthestream
Machnumber.Theincreaseinliftingefficiencyobtainedbyutilizing
indirectliftmightbeexpectedtobe somewhathigherthsnthatofthe
exwnpleforwingplanforms,suchas sweptwings,whichcouldmakeuseof
moreofthepressurefieldsrisingfromthebodyto developlift.MQre-
over,itwouldappearthatbodyshapingismosteffectiveforthecon-
ditionwherethewingleadingedgesaresonic,sincethepressurerelief
forwingswithsubsonicedgesa.udthesmallerwingareaaffectedby the
pressurefieldfromthebodyforwingswithsupersonicedgeswouldresult
inlessliftfromtheinterferingbodyelements.
LangleyAeronauticalLaboratory,
NationalAdvisoryComitteeforAeronautics,
LsmgleyField,Va.,June18,1956.
,
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APPENDIX
EVALUATIONOFTHEPRESSURESANDFORCESFORTHEEXAMPLE
Theexpressionsforthepressuresandforcesfora deltawingona
quasi-cylindricalbodyarepresentedherein.Thebodyshapeforeach
—
ha~-spacecorrespondsto thatgivenbya linearsourcedistribution.
Thecalculationsareforthesonicedgeconditionanda Machnumberof~.
FYomequations(8)and(9)theliftanddragcoefficientsforthis
configurationare
} (M
Fora linearsource
constant,thebodyshape
tion(5)as
M(x) =
#
strengthf(~)= -BE,where B isa positive
intheupperhalf-spaceisdeterminedfromequa-
.=
(A2)
Thepressureduetothebodyisdeterminedfrom
pb - Pm B
— = -- cosh-l:
q X
equation(4) as
(A3)
and ~b and ~w aregivenby equation(A3)for r = 1 and r = y,
respectively.
.NACARML56H30 ‘~
.
the
. h
Thelinepressuresourcesofreference3 can
pressureduetothewing. Forthesonicedge
becomes
From
for
13
beusedto deterndne
conditionend ~ = 1,
K)X2-1%- P.= 4ax F
~
-Z-T X2
()
- COS2eF
(A4)
b isobtainedfor r =equation(A4)~Pw 1 and p: is obtained
e =0 sndr=y.
Theinterferencepressuremustbe evaluatednumericallysinceit
involvesthetabulatedfunctionsg~(x) and W~. Thesefunctions
havebeenevaluatedfora flat-platewinginreference1 for n = O
andn=l. Thefunctionsg~(x) usedhereincorrespondtothefunc-
tions -f~s(x) giveninfigure2 ofthereference;thefunction~(x)
isa constantequalto 2/n. Theinterferencepressuxeonthewing p~
.
isdeterminedfromequation(7)byretainingonlythefirsttwotermsof
theinfiniteseriesfor pi,andsettingz eqwl to O and 0 equal
. to o:
PI - Pm
[
X-y+l
— = 2a&~
r
ga(x-y+l)-
J @’@q 13=0Y 1
Thepressureonthebody p; isgivenfor r = 1
71w~(x-~-y+l,y) d~
(A5).
as
P: - Pm
=
q 2as Cos“~~(x) - Lxg~(g) ‘a(x-EJ’)‘1 ‘A’)
l
.
-- ..
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Whentheexpressionsforthebodyshapesndpressuresaresubstituted
intoequations(Al),thevaricuscontributionstotheliftanddragof
thewingare
andthecontributionsto theliftsnddragofthebodyare
.
*
.
.
.
NACA~ L56H30
where
15
~31(~)=~-— —-2s2 —-000765 + E759
3“3:+ 3“5”5: 3=7.7! 3“5”9:
lB
(rcc2-1-cosh -1c—.
~c2a )
1- J
%: (1CD,i %,?Thecoefficients-& or CD,?—, snd — havebeenintegrateda2 ‘ a d
numericallyb usingthefirsttwotermsoftheseriesrepresentation.
The
and
vsriowcontributionstotheliftsnddragsre
5 asa functionof c f~:v~f B/a
presentedinfigures4
/whichmbrhni.zeCD%2.
NACARM L56H50
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